One hundred patients were referred with suspected acute cardiacfailurefollowing acute myocardial infarction. The diagnosis was confirmed in 72: 3I of these patients underwent elective medical treatment, with 2 survivors (6%); 4V were accepted for counterpulsation, but 9 died before this could be initiated and another 2 died shortly after vain attempts to pass the balloon catheter were abandoned; 30 patients underwent counterpulsation with 14 hospital survivors (47%). Survivor status was usually good. Results of counterpulsation were better in patients who were not shocked (with 5/5 survivors) than in those who were in shock (with 9 of 25 survivors). Results support the view that counterpulsation (alone or combined with corrective surgery) may play an important role in the complications of myocardial infarction provided intervention is early.
Failure of the heart as a pump is the most common cause of hospital death after myocardial infarction. Inefficacy of drug therapy in this condition has prompted more aggressive measures, including use of devices to assist the circulation and urgent revascularization surgery. The most successful device is the intra-aortic balloon counterpulsation system, introduced by Moulopoulos, Topaz, and Kolff in I962, and popularized over the past 4 years by Austen and colleagues at the Massachusetts General Hospital (Buckley et al., 1970; Sanders et al., I972a; Leinbach et al., 1973b) .
Published results of arterial counterpulsation show a continuing high mortality but it is apparent that different workers have differed in their indications, in the speed with which they have implemented circulatory assistance, in the duration for which they have applied assistance, and in the way they have complemented circulatory assistance with revascularization and other corrective surgery (Kantrowitz, 1970; Buckley et al., 1970; Sanders et al., I972b; Soroff et al., 1972; Gold et al., I972; Mueller et al., 1972; Leinbach et al., 1973a; Dilley Ross, and Bernstein, I973; I973; Windsor et al., I973) . We report here the results of a programme of arterial counterpulsation and corrective surgery which was started in 197I. There has been a gradual loosening of criteria for circulatory support, a more expeditious evaluation of patients considered for support, and a waxing enthusiasm for the project.
Patients
One hundred patients were referred for consideration of mechanical assistance over a 22-month period. All these patients were thought to have acute myocardial infarction and severe cardiac failure resistant to medical measures. Of the patients, 57 were referred from other hospitals while 43 had been admitted directly to this hospital with myocardial infarction.
Patients were assessed and placed in different categories (Table i ). Uniformity of criteria over the period was achieved by having two investigators (M. O'Rourke and V. Chang) responsible for assessment and patient selection. Twenty-eight patients did not fulfil the criteria for acceptance either because another diagnosis was established or because continued medical therapy led to sustained improvement. Other diagnoses included dissecting aortic aneurysm (3 patients) and respiratory infection complicating infarction (2 patients).
There were 72 patients who fulfilled the criteria of acute severe cardiac failure complicating myocardial group.bmj.com on June 24, 2017 -Published by http://heart.bmj.com/ Downloaded from another had needle aspiration of the pericardial cavity. In all but 3 of these patients counterpulsation was continued in the postoperative phase for at least 2 days.
Results
Hospital mortality was high (Table i) , with 68 deaths in the ioo patients referred. As expected, there were fewer deaths in the group who did not fulfil the criteria of acute, severe cardiac failure. Most of these patients had suffered massive infarction and many had experienced other complications as well. Mortality rate at 43 per cent was three times our average for all admissions with myocardial infarction.
Mortality rate was extremely high, as expected, in patients with severe failure, but whose age or pre-existing disease precluded active mechanical intervention. In this group there was only one hospital survivor. This group obviously cannot be regarded as a control for those undergoing counterpulsation. A better group for comparison consisted of the I2 patients who met the criteria for mechanical assistance but to whom this could not be offered because the device was already in use. These patients were usually monitored and managed in the same way as those undergoing counterpulsation. Mortality rate in this group was II/I2 or 92 per cent. The nine deaths before counterpulsation in patients provisionally accepted for mechanical assistance are an 'indication of how quickly many in this group were deteriorating at the time counterpulsation was started. Tables 2 and 3 give details of all patients who proceeded to counterpulsation. Ten of these had suffered at least one previous myocardial infarct and 4 had experienced chronic angina pectoris. Despite this all were active and most were gainfully employed. Site of the infarct was anterior in 20, inferior in 8, and both anterior and inferior in 2. The average time for evaluation was 6.8 hours for the first 6 shocked patients and 2.2 hours for the last 6. Of the 25 shocked patients, 6 had complete heart block before counterpulsation. Pacing was initiated in all, but 3 returned to sinus rhythm within 2 days of initiating counterpulsation. Angiography was performed in I9 of the 25 shocked patients and in 2 of the 5 patients in 'pre-shock'. Thirteen of the former and one ofthe latter proceeded to surgery.
Hospital survival rate was 36 per cent (9 of 25 patients) in the shocked group and ioo per cent (5 of 5 patients) in the 'pre-shock' group.
Surgical experience is outlined in Table 4 . The shocked group of patients was divided into a group with power failure exclusively and a group with some mechanical complication of infarction. Such complications included rupture of the interventricular septum (3 patients), rupture of the free wall of the left ventricle (2 patients), rupture of a papillary muscle (i patient), pericardial bleeding (i patient), and left ventricular aneurysm (i patient). Patients with power failure were selected for operation because at angiography patent distal vessels had been demonstrated beyond major proximal obstructions. These patients had aorto-coronary bypass only, whereas patients with other complications had corrective surgery, often in association with aortocoronary bypass. Two of the patients with power failure and 4 of the patients with other complications survived.
Clinical features of patients with muscular disruption were very similar. These usually presented with acute heart failure and hypotension several days after the first symptoms of infarction, and often interrupting an otherwise uneventful convalescence. Particular difficulty was experienced in diagnosing patients with subacute heart rupture and haemopericardium. In these the most reliable features were the timing of deterioration after the first symptom of infarction, the presence of further pain, and the severity of right-sided heart failure (Windsor et al., I973; O'Rourke, I973). One patient had none of the classical features of pericardial tamponade and was diagnosed only at exploratory surgery.
In patients with haemopericardium we found counterpulsation effective as a supportive measure during diagnostic study, during preparation for surgery, and postoperatively. This is illustrated in the patient diagnosed at exploratory surgery who remained in a state of apparently irreversible shock despite two procedures for pericardial drainage (Fig. 4) It appears to be a typical example of medical conservatism that, where a mass of theoretical, experimental, and clinical evidence points to counterpulsation having an important preventive role in limiting infarct size, its use to date has been directed almost exclusively to patients with widespread established necrosis. We consider this illogical, especially when the procedure can be applied safely and relatively simply.
We believe that the role of counterpulsation in preventing death and limiting disability after infarction will best be demonstrated in a controlled trial with patients less ill than any reported here. We believe that such a trial is now justifiable.
